CrossFit is high-intensity interval training involving routines called 'workouts of the day' (WOD). The aim of the present study is to analyse biochemical parameters and physical performance after two modalities of CrossFit WODs, and to evaluate 48-hour recovery. Twelve trained CrossFit practitioners (age: 30.4 ± 5.37 years; VO 2 max: 47.8 ± 3.63 ml/min/kg; 1RM Power Clean: 93.2 ± 7.62 kg) participated in the study. A crossover design was applied, and participants completed two modalities of WODs on separate days: WOD1 (as many rounds as possible) and WOD2 (rounds for time). Blood lactate, ratings of perceived exertion and heart rate were measured to determine the intensity of training sessions. Biochemical parameters and physical performance were evaluated before, immediately after, 24 hours after and 48 hours after exercise. There were significant differences in intensity between WOD1 and WOD2 (lactate: 13.3±1.87 vs. 18.38±2.02 mmol/L, heart rate mean: 127.6±11.1 vs. 159.8±12.1 bpm), and blood glucose concentrations were significantly higher after WOD2 (135.4 ± 19.6 vs. 167.4±19.6 mg/dL). After exercise, WOD1 and WOD2 caused significant increases of hepatic transaminases, creatine phosphokinase and blood glucose, as well as a large decrease in the physical performance evaluated by the plank test. All these values returned to baseline by 48 hours after exercise. Both WODs caused metabolic and muscular stress, as well as a decrease in physical performance. All the levels recovered at 48 hours, so the stress caused by CrossFit WODs did not induce a pathological state. CITATION: Timon R, Olcina G, Camacho-Cardeñosa M et al. 48-hour recovery of biochemical parameters and physical performance after two modalities of CrossFit workouts. Biol Sport. 2019;36(3):283-289.
INTRODUCTION
CrossFit can be defined as high-intensity functional training [1] . It is characterised by the performance of training sessions called 'workouts of the day' (WOD), which consist of a wide variety of exercises performed repeatedly, quickly, and with limited or no recovery time between rounds. In general, typical workouts consist of Olympic and power lifting, gymnastic, strongman, plyometric and calisthenic exercises [2] . These workouts can be performed for a best time ('rounds for time', or RFT) or to achieve the highest number of repetitions without checking the time ('as many rounds as possible', or AMRAP) [3] .
CrossFit, like other high-intensity training modalities, has elicited improvements in body composition, cardiovascular responses and physical fitness [4] . However, other studies have concluded that this modality of high-intensity functional training creates a high risk of musculoskeletal injury [5] and overreaching [6, 7] , particularly if performed consistently. In addition, several cases of exercise-induced rhabdomyolysis have been described after CrossFit workouts [8] .
CrossFit workouts require the performance of exercises at a high level of technique and power without long recovery periods, leading
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Experimental design
All participants performed two different modalities of CrossFit WODs in a randomised and balanced order, separated by 72 hours. Both sessions were performed at the same time of day (± 1h) with similar conditions of temperature and humidity (20-23°C and 40-45.0% respectively). Two weeks before the intervention, the researchers attended the CrossFit training centre to recruit the participants. The protocol of the investigation was explained to all the participants.
The movement technique of the participants was checked and it was verified that they were familiar with the exercises foreseen in the WODs (Burpees, Toes to Bar, Wall Ball and Power Clean). After that, the maximum load lifted (1RM) in the Power Clean was recorded, following the protocol developed by Faigenbaum et al. [17] .
Both WODs were carried out at the facilities of the CrossFit training centre with the equipment that the participants used regularly in their training sessions. Before the WODs, a warm-up was performed consisting of five minutes of low intensity running followed by five minutes of joint mobility. WOD1 (AMRAP) consisting of as many rounds as possible of Burpees and Toes to Bar increasing repetitions (1-1, 2-2, 3-3…) in five minutes. Each round had to be properly executed according to minimum exercise standards to continue onto the next round. The number of repetitions performed in WOD1 was 91.36 ± 13.89. WOD2 (RFT) consisting of three rounds of 20 repetitions of Wall Ball (9 kg) and 20 repetitions of Power Clean (a load of 40% 1RM) in the shortest possible time. All repetitions of the first exercise had to be completed before beginning the next exercise. No rests were scheduled or required between rounds. The total time to perform WOD2 was 534 ± 58.96 s.
Outcome measures
Anthropometric measurements. Measurements were taken at the first visit of participants to the laboratory. Body mass and height were measured using a portable stadiometer (Seca 213, Germany) the hardest workouts to be 'Fran', 'Murph', 'Fight Gone Bad', 'Helen' and 'Filthy' [9] . In this sense, Fernandez-Fernandez et al. [3] observed that 'Fran' resulted in significantly longer time spent above 1 on the respiratory exchange ratio than the 'Cindy' routine. Another study concluded that a gymnastic WOD, consisting of completing the highest number of sets of five pull-ups, 10 push-ups and 15 air squats in 20 minutes, caused greater levels of blood lactate than a WOD with eight sets of skipping rope jumps x 20 s/10 s rest [13] . However, training sessions of different duration (shorter: ~ 4 min and longer: 17 min) could induce similar cardiovascular responses with a high metabolic impact [14] .
On the other hand, along with these physiological and metabolic responses, significant reductions were produced in jump height performance and average power after a CrossFit routine consisting of gymnastic exercises [13] . However, Tibana et al. [6] reported a decrease in anti-inflammatory cytokines without decrements in muscle power after 24 hours of CrossFit workout, although rest intervals between sets and exercises were allowed during the training. For all that, and given the training paradigm of WODs, it is difficult to evaluate physical performance in CrossFit using traditional measures of aerobic and anaerobic power and capacity [15, 16] .
Assessing the physiological stress and fatigue produced by a Cross-Fit workout, as well as detecting whether the individual is recovered before starting a new training session, is necessary to avoid injuries and overtraining situations. Despite the aforementioned studies, there is a lack of information on the kinetics of biochemical parameters and their recovery over time after different modalities of WODs.
Therefore, the aims of the present study are to analyse biochemical parameters and physical performance after two modalities of Cross-Fit WODs (AMRAP and RFT) and to evaluate recovery over time (24 and 48 hours after both WODs).
MATERIALS AND METHODS
Participants
Twelve trained men participated voluntarily in the study and they were recruited from a CrossFit training centre. Characteristics of participants are shown in Table I . All of them fulfilled the following criteria for inclusion: no cardiovascular, metabolic or neurological diseases, no injuries in the last three months, at least one year of experience in CrossFit training with two days of training a week, and a relative strength greater than 1.2 (with respect to bodyweight) in the maximum repetition (1RM) of Power Clean. It was also required that participants did not perform any type of strenuous physical exercise or ingest any type of stimulating substance or alcohol in the 48 hours prior to the session and maintained their habitual lifestyle and normal dietary intake during the study. Before the study, all participants were informed about the protocol and potential risks and signed informed written consent. This study was developed following the guidelines of the Declaration of Helsinki and was con- 
DISCUSSION
The aims of the present study were to analyse biochemical parameters and physical performance after two modalities of CrossFit WODs (AMRAP and RFT) and to evaluate 48-hour recovery. Both WODs caused changes in the biochemical parameters (e.g. GOT, GPT, CPK, glucose) and in physical performance (plank time), but these variations returned to baseline within 48 hours after finishing the training sessions. Nonetheless, the WOD that focused on performing the proposed rounds in the shortest possible time showed significantly higher values of HRmean, lactate and glucose than the AMRAP WOD after training sessions.
These results confirm that CrossFit is a fitness activity of moderate-high intensity.
Other studies have shown that major physiological and metabolic responses (heart rate > 90-95% HRmax and blood lactate > 14 mmol/L) and perceptual levels (RPE > 8) were achieved after a CrossFit WOD [1, 3] . In this sense, the high initial levels of LDH and CPK (above the normal reference values) could indicate that the participants in the study had a certain level of fatigue and muscle damage [21] caused by the usual practice of high intensity CrossFit sessions.
Both WODs elicited significant changes in the biochemical parameters after the training sessions, as a result of the effort performed.
These results are supported by other investigations that studied oxidative stress [10] or inflammatory [6] and cardiometabolic [22] responses after different modalities of CrossFit WODs. However, to the best of our knowledge, the present study is the first to analyse the time-course analysis (from before to 48 h after exercise) of biomarkers of fatigue, protein catabolism, muscular damage, hepatic enzymes and metabolism. The concentration of hepatic transaminases (GOT and GPT) was analysed to assess the liver overload during the effort. In both WODs, there was a significant increase after exercise; these levels remained high at 24 hours only after WOD2 (higher intensity than WOD1). The accelerated metabolic demands of the muscle exercise cannot be met without a robust response from the liver [23] , so it is logical to observe an increase in liver enzymes. There are even studies that claim that intensive muscular exercise (e.g. weightlifting) can increase the liver function for at least seven days after the exercise [24] . That is not what happened in our study, where the values of hepatic transaminases returned to baseline at 48 hours after exercise. An increase in total bilirubin, which remained elevated until 24 hours after exercise, was observed only after WOD2. Bilirubin can be elevated because of haemolysis, which is typical of high-intensity exercise, although these values also returned to baseline at 48 hours, indicating that there was no continuous intravascular haemolysis [21] . In addition, after both CrossFit WODs, an increase in blood concentrations of CPK and LDH (without achieving statistical significance in this last parameter) was observed, which peaked at 24 hours and returned to baseline at 48 hours after exercise. These parameters can provide information about metabolism and muscle damage, and their values increase during intense muscular exercise [25] . This rise is in line with the results of previous studies, in which similar increases in muscle damage markers were observed after performing high-intensity resistance training [26, 27] . Therefore, the results of the present study would suggest that muscle damage has occurred after CrossFit WOD2, while in WOD1 the exercises were always carried out with body weight. Similar results were observed by Tibana et al. [31] , who found higher metabolic, cardiovascular, and RPE responses after a protocol that had a weightlifting exercise (snatch) than after performing a protocol of similar duration only of cardiovascular exercises (rowing and burpees).
As limitations of the study, it was impossible to match the training load between both modalities of WODs (AMRAP and RFT). In addition, the study was conducted only with trained people and the results could vary depending on the training status, especially if it is considered that the sample size was not too large. In this sense, CrossFit is characterized by the variety of sessions and types of exercise, which is a motivating factor for its practitioners. However, the 
CONCLUSIONS
In conclusion, the intensity of effort exhibited during WOD2 (RFT) was greater than that exhibited during WOD1 (AMRAP). However, the performance of both CrossFit sessions caused significant changes in liver transaminases, markers of muscle damage and metabolism, and a decrease in physical performance. All the levels recovered and returned to baseline at 48 hours; therefore, the metabolic and muscular stress caused by both WODs was not so high as to induce a pathological state. These results could help trainers and CrossFit practitioners to control and plan their training properly so as to avoid situations of overreaching and chronic fatigue. Given the wide variety of WODs, exercise types and activities in CrossFit, further investigation is necessary for an in-depth understanding of the physiological, biochemical and performance changes that this fitness modality can cause.
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sessions, although without reaching the extreme values of CPK that occur associated with exercise-induced rhabdomyolysis caused by a CrossFit session [8] . With regards to blood glucose, which is the main metabolic substrate used at the muscular level during intense exercise, a significant increase was observed after both WODs.
Similar results were observed by Tibana et al. [6] after two different AMRAP WODs including power exercises and gymnastic movements over 10-12 minutes. In addition, previous studies have shown that high-intensity training (HIT) causes increases in blood glucose as a result of increased metabolic demand [28] . Subsequently, as might be expected in healthy people, blood glucose returned to baseline at 24 hours.
Regarding physical performance, significant decreases were observed in the time spent in the plank test, both immediately after and 24 hours after finishing both WODs. The core muscles are the centre of most kinetic chains in the body and have a significant effect on the transfer forces to the extremities [29] , so both training sessions that included functional body exercises certainly caused fatigue in this muscle zone. This fatigue had a negative effect on the plank test results, since the stability and activation of the central muscles of the body are essential to the performance of this test [30] . The test values returned to baseline at 48 hours, which would indicate that the participants were already recovered. However, no significant decrease was observed in the performance of CMJ. The type of exercise and the movement velocity during the WODs seem to play an important role in the muscle fatigue of knees. In this sense, Maté-Muñoz et al. [22] observed a decrease in performance in the CMJ after the 'Cindy' WOD (five pull-ups, 10 push-ups and 15 air squats in 20 min), but they did not find any significant difference after another WOD consisting of double skip rope (eight sets of 20 s with 10 s of rest between sets). On the other hand, the measurement of CMJ was made before the warm-up of the training session, so the participants may not have obtained their best mark in the initial test.
Finally, WOD1 showed lower levels of blood lactate, RPE, HRmax and HRmean than WOD 2. Moreover, participants trained longer at moderate intensity (50-59% HRmax), but they spent more time at higher intensity (90-100% HRmax) during WOD2. This difference of intensity between sessions caused significantly higher blood glucose concentrations after WOD2, because the metabolism of carbohydrates was more involved and a greater amount of glucose was required at the muscular level [28] . The differences between sessions could be explained by the total duration of WOD2 being greater than that of WOD1. In addition, participants trained with external loads during
